Introduction
The aim of this paper is twofold. First, we will consider in some detail an asphalt pavement -its microstructure and mechanical behavior are described in [2, 3] . Unlike concrete being a rigid pavement, asphalt belongs to flexible pavements. A characteristic permanent strain with spatial distribution along the road is called rutting. While the initial rut is caused by densification of the pavement under the path of the wheel, the subsequent history of rut is a result of shear flow of the hot mix asphalt (HMA). Thus, a proper constitutive model for asphalt is needed -able to cover not only tension but shear as well.
Concerning the microstructure of asphalt we see that HMA contains a very high volume fraction of irregularly shaped particulate inclusions [4] . Typically, HMA consists of 93-97% of gravel and sand (usually called aggregates) bonded by bitumen. It has been shown by Lakes et al. [5] that for some larger volume fraction of irregular particulates, Eshelbian approach based on ellipsoidal inclusions does not give acceptable results -the predictions of effective properties underestimate the actual properties significantly. This fact pointed out by Lakes et al. [5] is logical due to large discrepancy from ellipsoidal form. As well known and discovered by Eshelby (cf. [6] ) within range of isotropic elasticity for ellipsoidal inclusions a homogeneous external field exerted outside the inclusion produces a corresponding homogeneous strain field in the inclusion. Such a remarkable feature has made possible a development of large number of papers dealing with so called self consistent field theories where inclusions have form close to ellipsoids. Such an approach (cf. also [7] ) here, to our regret, is not promising. Instead, the so called hierarchical approach is proposed. By this approach, HMA is modeled as a two phase composite, the first phase having aggregates with principal diameter larger than 0:3mm while the second phase was taken to be a homogenized mixture of smaller aggregates and binder. The enclosed fig. 1 (a) taken from [4] is convenient to illustrate the essence of this method. It should be noted that for such an approach a proper choice of the size of the Representative Volume Element (RVE) is very important and an image processing technique is needed.
For a body with manifold of immersed ellipsoidal inclusions this issue has been discussed in some detail in [8] . Calculations needed involve solving large number of the coupled integral equations. These calculations would become particularly cumbersome if for calculation of Eshelby tensor instead of average stiffness we insert the effective stiffness tensor (cf. [9] ). Due to this complexity if we want explicit information about RVE size then the approach must be oversimplified. For instance in the paper [10] the authors obtained the most valuable information about RVE size. However, due to all the difficulties mentioned above for obtaining explicit solutions they assumed that inclusions are non-overlapping spheres and that the medium is isotropic. The finite element analysis applied in [11] is even simpler neglecting eigen-strains escorting implantation of grains into the polycrystalline RVE. It should be noted here that asphalt is a tar like substance obtained during fractional destillation of crude natural oil. At high temperature it behaves like a viscous fluid. For this reason a proper thermodynamic analysis of the deformation process is indispensable. The above discussed microstructural analysis dealing with windowing of RVE is not even touched here due to high irregularity of large often overlapping grains having irregular shapes. Due to these reasons, although unwillingly we will apply here a phenomenological approach smoothing inclusions and matrix into a homogeneous representative substance. On the other hand, the thermodynamical approach applied in the sequel is adequate and without simplifications.
Endochronic thermodynamics
The main idea in the so-called endochronic thermodynamics (cf. [14, 15] ) is to replace actual time by means of some non-decreasing scalar function of inelastic strain history responsible for aging whose ultimate value leads finally to rupture of the body. Vakulenko called this function -thermodynamic time ([14] ). In such a concept purely elastic strain does not contribute to the thermodynamic time. Such a time was introduced in [14] by means of the inelastic entropy source accumulation as follows. This source may be obtained by making use of
where ρ; s; q and T are mass density, specific entropy, specific heat flux vector and absolute temperature. In the range of thermoelasticity ψ vanishes in a homogeneous temperature field. Thus, the inelastic part of the source (1) i.e. 
where σ, ε, and u stand for Cauchy stress tensor, total strain tensor and internal energy density. As a partial result the reduced dissipation inequality   q grad 1/T 0  shows that heat "flows" to the particle with lower temperature. Now, passing to the point, Vakulenko assumed that 0 P s   and defined the thermodynamic time by means of (cf. also [13] )
The function ζ(t) is piecewise continuous and non-decreasing in that
within elastic ranges and
 when plastic deformation takes place. Assuming that at each time instant the considered state can be obtained either by instantaneous loading or by unloading and splitting the whole time history into a sequence of infinitesimal segments Vakulenko claimed that a superposition and causality existsextending in such a way Boltzmann's and Volterra's superposition to nonlinear inelastic phenomena. Proceeding with accumulation of infinitesimal memory he obtained an integral relationship between Eulerian plastic strain deviator and stress deviator history as follows:
Therefore, in this setting the plastic strain tensor is obtained as a functional of stress and stress rate history.
In the books [1, 13] the authors applied Vakulenko's approach to diverse media splitting the internal energy into a part dependent on temperature and elastic strain and a part which contains as arguments inelastic internal parameters and temperature. For our purpose in this paper we will consider a possibility to replace actual time with such a thermodynamic time. If we compare the hereinabove function of thermodynamic time to accumulated plastic strain, then we see that ζ is able to account for nonlinear evolution equations in a simple way. 
Here PIR is described by a holonomic internal variables representing crystal slips over active slip systems.
The plastic distortion tensor is incompatible (cf. [1] ), represents slips and may reflect transformation of a holonomic coordinates. Thus, taking into account that plastic rotation tensor may be either fixed or taken to be unity, it was assumed in [16] that in the above equation PIR may be represented by the plastic strain tensor. Moreover, we extend the above evolution equation inserting in it a scalar function Λ, which must account for the linear connection between rates of Mises equivalent stress and equivalent plastic strain rate. The structure of Λ may be related to Ziegler's principle of least irreversible force [1] . Therefore     , , , = , , , 
  
If Ω is approximated by a fourth order polynomial with respect to σ and first order in P  , then a very simple polynomial is obtained as follows (details are given in [1] 
and corresponding scalar coefficients depending on the listed invariants are: At this point let us turn our attention to the scalar coefficient Λ appearing in (6). If we want to cover the effect of Rabotnov's yielding delay, the best way is to propose this scalar in the form:
Here Y is the dynamic initial equivalent yield stress, Y 0 is its static counterpart, η(x) is Heaviside's function, λ is a material constant and M is a material constant which covers multiaxial stress-strain histories with broad range of strain rates -from static to impact rates. It is worth noting that inserting of (9) into (6) leads to an evolution equation of incremental form seemingly characteristic for rate-independent materials. At first sight the evolution equation for plastic stretching looks rate-independent since it can be transformed into an incremental equation if it is multiplied by an infinitesimal time increment. However, the rate dependence appears in stress-rate dependent value of the initial yield stress Y which has a triggering role for inelasticity onset. The model could be termed quasi rate independent.
Here, a special case of the loading function leading to reduced forms of the evolution equation (8) [1] we believe that the function Λ could be successfully applied in its simpler forms to other constitutive models by the plastic working i.e. ˆ:
. Here the symbol d
shows that the infinitesimal increment of plastic work is not a total differential. This will be applied to the next constitutive model.
Perzyna's model for asphalt
The most frequently used model of viscoplastic mechanical behavior has been proposed by Perzyna. The corresponding set of field equations as listed in [3] is encompassed by plastic strain time rate 
whereas the above used stress and elastic strain invariants are collected into the set: 
being slightly different from the set used in the previous model. Here it is of utmost importance to underline that the material model constants,
, when calibrated, are completely different for shear and tension experiments (cf. [3] ). This is not a shortcoming of this thesis but rather enlightens the fact that all constitutive models which are not based on tensor generators are misleading. At present, we have made an analysis by the FEM for a parallelepiped under compression using the Perzyna's model. However, an important modification is made: instead of time rates corresponding thermodynamic time rates are used. , , , 
Analysis and some conclusions
Let us note that the model of hyper elasto-viscoplasticity considered here is suitable for numerical applications. Due to this, and following the procedure often applied in papers dealing with FEM analysis, first we have analyzed a single element with homogeneous stress and strain histories. Due to geometry of loading of the considered wheel we analyze here a strain controlled history when only z-component of total strain grows. Results are shown in Figs. 2 and 3. One should notice that contrary to the algorithm applied in [3] , here thermodynamic time is used instead of the commonly observed and measured time. As mentioned above, this time progresses only when inelastic strain is changed. Thus, in the hyper elastic range the usual time must be used. Stress-strain curve for direction normal to the pavement surface in its undeformed state is given in the Fig. 2b . When strains grow the inelastic beahviour appears. Curves for the calculated yield function f as well hardening function  (cf. (11) ) are further given in the Figures 2a and 2b . Initial zero values of the yield function encompass the hyper elastic range where the hardening function has constant value. A smooth behavior of the curves of the axial stress versus total axial strain is rather close to experimental data reported in [3] . Anyway, a further comparison with the MAM model must be done for more complex multiaxial and non-proportional stress and strain histories. Deformed upper surface of the pavement surface is shown in the Fig. 2c . 
